THAT WHICH IS CLAIMED IS: 



1 . A vertical semiconductor device, comprising: 

a semiconductor substrate having a drift region of first conductivity type 
therein and first and second transition regions of first conductivity type that 
extend between the drift region and a first surface of said semiconductor 
5 substrate, with each of the first and second transition regions having a 

vertically retrograded first conductivity type doping profile therein that peaks 
at a first depth relative to the first surface; 

first and second shielding regions of second conductivity type that 

extend in the drift region and define respective P-N junctions with the first 

10 transition region, said first and second shielding regions extending laterally 

towards each other in a manner that constricts a neck of the first transition 

region to a minimum width at a second depth relative to the first surface; 
-j 

CM IU 

an anode electrode that extends on the first surface of said 
15 semiconductor substrate and defines a Schottky rectifying junction with the 
second transition region. 

2. The device of Claim 1 , wherein a product of the peak first 
conductivity type dopant concentration in the second transition region and a 
width of the second transition region at the first depth is in a range between 
about 1x10 12 cm' 2 and about 7x1 0 12 cm' 2 . 

3. The device of Claim 1 , wherein a product of the peak first 
conductivity type dopant concentration in the second transition region and a 
width of the second transition region at the first depth is in a range between 
about 3.5x1 0 12 cm" 2 and about 6.5x1 0 12 cm" 2 . 

4. The device of Claim 1 , wherein said anode electrode ohmically 
contacts said first and second shielding regions. 
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5. A vertical power device, comprising: 

a semiconductor substrate having a drift region of first conductivity type 
therein; 

an insulated gate electrode that extends on a first surface of said 
semiconductor substrate; 

a first base shielding region of second conductivity that extends in said 
semiconductor substrate and has a first lateral extent relative to a first end 
of said insulated gate electrode; 

a first base region of second conductivity type that extends between 
said first base shielding region and the first surface and has a second 
lateral extent relative to the first end of said insulated gate electrode that is 
less than the first lateral extent; 

a first source region of first conductivity type in said first base region; 

a first transition region of first conductivity type that extends between 
the drift region and a portion of the first surface extending opposite said 
insulated gate electrode, forms rectifying junctions with said first base 
region and said first base shielding region and has a vertically retrograded 
first conductivity type doping profile therein; 

a second transition region of first conductivity type that extends 
between the drift region and another portion of the first surface and has a 
vertically retrograded first conductivity type doping profile therein; and 

a source electrode that is electrically coupled to said first source 
region, said first base region and said first base shielding region and forms 
a Schottky rectifying junction with said second transition region. 

6. The device of Claim 5, wherein said first base shielding region 
extends to at least a first depth relative to the first surface; and wherein 
said first transition region has a peak first conductivity type dopant 
concentration therein at the first depth. 
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7. The device of Claim 6, wherein said first transition region forms a 
non-rectifying junction with the drift region at a second depth relative to the 
first surface that is greater than the first depth; and wherein said first base 
shielding region forms a P-N rectifying junction with the drift region at a 
third depth relative to the first surface that is greater than the second depth. 

8. The device of Claim 5, further comprising: 

a second base shielding region of second conductivity that extends in 
said semiconductor substrate and has a third iaterai extent relative to a 
second end of said insulated gate electrode; 

a second base region of second conductivity type that extends 
between said second base shielding region and the first surface and has a 
fourth lateral extent relative to the second end of said insulated gate 
electrode that is less than the third lateral extent; and 

a second source region of first conductivity type in said second base 
region. 

9. The device of Claim 8, wherein said first transition region is 
narrower between said first and second base shielding regions than it is 
between said first and second base regions. 

10. The device of Claim 8, wherein said first transition region extends 
between said first and second base regions and between said first and 
second base shielding regions; wherein said first transition region has a 
peak first conductivity type dopant concentration therein at a first depth 
relative to the surface; and wherein a product of the peak first conductivity 
type dopant concentration in said first transition region and a width of said 
first transition region at the first depth is in a range between about 1x10 12 
cm" 2 and about 7x1 0 12 cm" 2 . 



-41- 



1 1 . The device of Claim 8, wherein said first transition region extends 
between said first and second base regions and between said first and 
second base shielding regions; wherein said first transition region has a 
peak first conductivity type dopant concentration therein at a first depth 
5 relative to the surface; and wherein a product of the peak first conductivity 
type dopant concentration in said first transition region and a width of said 
first transition region at the first depth is in a range between about 3.5x1 0 12 
cm 2 and about 6.5x1 0 12 cm' 2 . 
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12. A vertical power device, comprising: 

a semiconductor substrate having a drift region of first conductivity type 
therein and first and second transition regions of first conductivity type that 
extend between the drift region and a first surface of said semiconductor 
substrate, with each of the first and second transition regions having a 
vertically retrograded first conductivity type doping profile therein that peaks 
at a first depth relative to the first surface; 

an insulated gate electrode that extends on the first surface and has 
first and second opposing ends; 

first and second base regions of second conductivity type that are self- 
aligned to the first and second ends of said insulated gate electrode, 
respectively, and form respective P-N junctions with opposing sides of an 
upper portion of the first transition region extending adjacent the first 
surface; 

first and second source regions of first conductivity type in said first and 
second base regions, respectively; 

first and second base shielding regions of second conductivity type that 
are more highly doped than said first and second base regions and extend 
laterally towards each other in said semiconductor substrate to thereby 
constrict a neck of the upper portion of the first transition region to a 
minimum width at a second depth relative to the first surface; and 

a source electrode that ohmically contacts said first and second source 
regions and defines a Schottky rectifying junction with the second transition 
region. 
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13. The device of Claim 12, wherein a product of a peak first 
conductivity type dopant concentration in the second transition region and a 
width of the second transition region at the first depth is in a range between 
about 1x10 12 cm* 2 and about 7x1 0 12 cm" 2 . 

14. The device of Claim 12, wherein a product of a peak first 
conductivity type dopant concentration in the second transition region and a 
width of the second transition region at the first depth is in a range between 
about 3.5x1 0 12 cm' 2 and about 6.5x1 0 12 cm" 2 . 

15. The device of Claim 12, wherein said first and second base 
shielding regions are self-aligned to the first and second opposing ends of 
said insulated gate electrode. 

16. The device of Claim 15 ; wherein a product of a peak first 
conductivity type dopant concentration in the first transition region and a 
width of the first transition region at the second depth is in a range between 
about 1x10 12 cm" 2 and about 7x1 0 12 cm" 2 . 

1 7. The device of Claim 1 5, wherein a product of a peak first 
conductivity type dopant concentration in the first transition region and a 
width of the first transition region at the second depth is in a range between 
about 3.5x1 0 12 cm* 2 and about 6.5x1 0 12 cm" 2 . 
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18. A vertical power device, comprising: 

a semiconductor substrate having a drift region of first conductivity type 
therein and first and second transition regions of first conductivity type that 
extend between the drift region and a first surface of said semiconductor 
substrate, with each of the first and second transition regions having a 
vertical doping profile therein that peaks at a first depth relative to the first 
surface; 

an insulated gate electrode that extends on the first surface and has 
first and second opposing ends; 

first and second base regions of second conductivity type that are self- 
aligned to the first and second ends of said insulated gate electrode, 
respectively, and form respective P-N junctions with opposing sides of an 
upper portion of the first transition region extending adjacent the first 
surface; 

first and second source regions of first conductivity type in said first and 
second base regions, respectively; 

first and second base shielding regions of second conductivity type that 
are more highly doped than said first and second base regions and extend 
laterally towards each other in said semiconductor substrate to thereby 
constrict a neck of the upper portion of the first transition region to a 
minimum width at about the first depth relative to the first surface; and 

a source electrode that ohmically contacts said first and second source 
regions and defines a Schottky rectifying junction with the second transition 
region. 

19. The device of Claim 18, wherein said first and second base 
shielding regions are self-aligned to the first and second ends of said 
insulated gate electrode, respectively. 
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20. The device of Claim 18, wherein said insulated gate electrode, said 
first source region, said first base region and the first transition region 
collectively define a first lateral enhancement mode MOSFET having a 
channel length of less than about 0.25 microns. 

21 . The device of Claim 20, wherein said insulated gate electrode, said 
second source region, said second base region and the first transition 
region collectively define a second lateral enhancement mode MOSFET 
having a channel length of less than about 0.25 microns. 

22. The device of Claim 21 , wherein during forward on-state 
conduction, the first and second lateral enhancement mode MOSFETs 
supply majority carriers of first conductivity type that pass vertically through 
the constricted neck of the first transition region. 
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23. A vertical power device, comprising: 

a semiconductor substrate having a drift region of first conductivity type 
therein and first and second transition regions of first conductivity type that 
extend between the drift region and a first surface of said semiconductor 
substrate, with each of the first and second transition regions having a 
vertical doping profile that peaks at a first depth relative to the first surface; 

an insulated gate electrode that extends on a portion of the first surface 
located opposite an upper portion of the first transition region; 

first and second regions of second conductivity type that are self- 
aligned to first and second opposing ends of said insulated gate electrode, 
respectively, form respective P-N junctions with opposing sides of the first 
transition region and constrict a neck of the upper portion of the first 
transition region to a minimum width at a second depth relative to the first 
surface that is greater than about 0.25 microns; 

first and second source regions of first conductivity type in said first and 
second regions of second conductivity type, respectively; and 

a source electrode that ohmically contacts said first and second source 
regions and defines a Schottky rectifying junction with the second transition 
region. 

24. The device of Claim 23, wherein the first depth is about equal to 
the second depth. 

25. The device of Claim 23, wherein a product of the peak first 
conductivity type dopant concentration in the second transition region and a 
width of the second transition region at the first depth is in a range between 
about 1x10 12 cm" 2 and about 7x1 0 12 cm 2 . 



-47- 



26. A vertical power device, comprising: 

a semiconductor substrate having a drift region of first conductivity type 
therein and first and second transition regions of first conductivity type that 
extend between the drift region and a first surface of said semiconductor 
substrate; 

an insulated gate electrode that extends on a portion of the first surface 
located opposite an upper portion of the first transition region; 

first and second regions of second conductivity type that are self- 
aligned to first and second opposing ends of said insulated gate electrode, 
respectively, form respective P-N junctions with opposing sides of said 
transition region and constrict a neck of the upper portion of the first 
transition region to a minimum width at a first depth relative to the first 
surface that is greater than about 0.25 microns; 

first and second source regions of first conductivity type in said first and 
second regions of second conductivity type, respectively; and 

a source electrode that ohmically contacts said first and second source 
regions and defines a Schottky rectifying junction with the second transition 
region. 

27. The device of Claim 26, wherein a product of a first conductivity 
type dopant concentration in the second transition region at the first depth 
and a width of the second transition region at the first depth is in a range 
between about 1x10 12 cm" 2 and about 7x1 0 12 cm" 2 . 
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28. A semiconductor device, comprising: 

a semiconductor substrate having a drift region of first conductivity type 
therein and transition region of first conductivity type that extends between 
the drift region and a first surface of said semiconductor substrate and has 
5 a vertically retrograded first conductivity type doping profile therein that 
peaks at a first depth relative to the first surface; 

first and second shielding regions of second conductivity type that 
extend in the drift region and define respective P-N junctions with the 
transition region, said first and second shielding regions extending laterally 
10 towards each other in a manner that constricts a neck of the transition 

region to a minimum width at a second depth relative to the first surface; 
and 

an anode electrode that extends on the first surface of said 
semiconductor substrate and defines a Schottky rectifying junction with the 
15 transition region. 

29. The device of Claim 28, wherein a product of the peak first 
conductivity type dopant concentration in the transition region and a width 
of the transition region at the first depth is in a range between about 1x10 12 
cm" 2 and about 7x1 0 12 cm' 2 . 

30. The device of Claim 28, wherein a product of the peak first 
conductivity type dopant concentration in the transition region and a width 
of the transition region at the first depth is in a range between about 
3.5x1 0 12 cm 2 and about 6.5x1 0 12 cm" 2 . 
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